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Global Impacts of El Nino




New GFDL CGCMs: CM2.0, CM2.1

Atmospheric models:
e dycores: B-grid (AM2p12), finite volume (AM2p13)
o 2.5°x2°xL24, hybrid vertical o0 — p
e K-profile PBL (Lock et al., MWR 2000)
e RAS convection

e cumulus momentum transport (CMT)

OM3 ocean model (MOM4):

e 50 z-levels, 1°x1°, Ay — 1/3° at equator
e KPP, neutral physics, anisotropic viscosity
e diurnal insolation, ocean color

e free surface, fresh water fluxes

e wind stress feels surface currents



Annual mean climatology
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Annual-mean zonal winds & currents
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CM2.0 vs. TAO obs (ADCP & fixed—depth)
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Annual-mean subsurface temperatures

Temperature (°C) at Equator Zonal Mean Temperature (°C)

Assim (1980-2000), CM2.0 (bias shaded) Assim (1980-2000), CM2.0 (bias shaded)
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Simulated ENSO variability

Stddev of Interannual SSTA (OC) NINO3 SST spectra
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ENSO surface heat flux anomalies

net htg regr on NINO3 SSTA net SW regr on NINO3 SSTA
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ENSO rainfall & wind anomalies

precip regr on NINO3 SSTA
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Cumulus Momentum Transport (CMT)

Parameterization: Add a vertical diffusion of horizontal
momentum where cumulus convection occurs.

Koy = 1M
P
M. = cumulus mass flux from RAS
d = depth of convection
p = density of air
~ = tuning parameter

Cloud resolving models (Mapes & Wu, JAS 2001)
suggest v ~ 0.1-0.2.



Impact of CMT

T, regr on NINO3 SSTA net htg regr on NINO3 SSTA
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Impact of CMT

Stddev of Interannual SSTA (°C)
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Assim

1980-2000

NoO | o So01 MoOZl  J.091 Mo0OZ1  J.091 MoOC1  J.091 MoOCl  J.091

no CMT

00SL 9h0X  00SL b3 OGN b3
V1SS SONIN ©Ojuo suoissaiboay—boT

(syyuow) 9y  (syjuow) 9y

(syyuow) 9y



Pacific annual-mean fields, averaged 5°S—-5°N
1860 (0001-0500), 4xCO, (0151-0300)
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Pacific annual-mean fluxes, averaged 5°S—-5°N
1860 (0001-0500), 4xCO, (0151-0300)
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Change in annual-mean subsurface temperatures

Temperature (°C) at Equator Zonal Mean Temperature (°C)

1860 (500yr), 4xCO, (150yr) (bias shaded)
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NINO3 wavelet spectrum: 1860 control run

(a) CM2Q_Control—1860_d2 NINO3 SST (0001-0500): s=1degC
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NINO3 wavelet spectrum: CO» increasing 1%/yr, to 4x

(a) CM2Q-d2_1PctTo4x_j1 NINO3 SST (0001-0300): s=1degC
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NINOS SST spectra
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Ocean Data Assimilation at GFDL
state estimation - model evaluation - forecast initialization

3D Variational (3DVAR):
e stationary error covariance
e routinely used for ENSO forecasts
e available at http://nomads.gfdl.noaa.gov

4D Variational (4DVAR):
e strong constraint to model equations
e N0 sources/sinks

e adjoint — sensitivity studies

Ensemble Adjustment Kalman Filter (EAKF):
e fully nonlinear evolution of covariance matrix

e testbed for coupled data assimilation

Beware model bias ...



GFDL ENSO forecasts

mean of 6 CM2.0 fcsts of NINO3 SSTA (°C)
APR ICs from om3p5 assim_1p1

(a) Obs, raw fcst, bias—corrected fcst, persisted anoms
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Forecasts of the 1997/98 EIl Nino

Statistical Models

Linear Inverse Forecasts
Two season lead for Nino 3

Persistence Forecasts
Two season lead for Ning 3.4
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(Landsea & Knaff 2000)
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Statistical Atmosphere (Mode 1)
SST and wind stress from NCEP2 (1979-2002)

(a) SSTA singular vector #1
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Wind stress decomposition: Low-pass NCEP2 obs

Linear Model Residual
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NINO3.4 SSTA (degC)

Deterministic forecasts of east Pacific SST anomalies
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NINO3.4 SSTA (degC)

Stochastic forecasts of east Pacific SST anomalies

o

||||

|
o
!

|
N
o
!

£ oy B oErmew uEm

JIUL N | argnE-aN O Em

Fmnehagu ¢ maE e wm Q)

|
N
o

JFMAMUJIJASO

1997/

— 0bs

| determ
O imposed resid

® ens mean
= ens median

1980s
1990s

.95-1.0
.75—.95
.25—-.75
.05-.25
0.0-.05

buiosoy
|oNpisal

sa|iyuonb
1SDopuly



(Pa)

WCPAC tau x resid

NCEP2 residual zonal wind stress
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NINO3.4 SSTA (degC)

Evolution of random initial conditions

No forcing Forced by 1997 residual
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1985 1990 1995 2000

1980

AGCM wind stress decomposition: Low-pass
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“Cheatcasts” forced by AGCM stress residuals
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What drives the WWES?

non-ENSO composite of WWE SSTAs (Vecchi & Harrison 2000)
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77 driven by Pacific precursive SSTA
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Background SST affects the WWEs

Control AGCM  ColdWestPaciic  Warm East Indian_
v hnvﬁ\wwmmuAnWMA AAMA'/I Famd N’MJ\A NM’\/\

i

vaLTiyia viaa _MM\MM nf\f'\r/\"{\/\v/\w (‘mﬂm

J‘"m Ml\ a MMW ﬂlj\MMJ"\f
AWMA AR AA Mn W'M :ﬁ'mm

6.0 — €.0

hot o e A 0 Naﬁﬂf‘“]\m/\maﬂm;“/‘ MA’V"/\&“, .w:" f\‘fﬂ“lﬁ M!\M’VW
foE A

40— - 40

,A A AMM{\VA

R VW’V" W w

- msovee e 1996 1997

= ECMWF Raanolysia

- msoupe e 1 996 1997
== ECWWF Raanolyaia




1987

1996

1987

Background SST affects convective anomalies

Actual SSTs
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Summary of ENSO activities at GFDL

. Coupled model development
- CM2.0, CM2.1
- hybrid model

. ENSO sensitivity (CMT)

. Climate change

. Data assimilation & real-time forecasts

. Predictability

- role of stochastic forcing

- Importance of nonlinearity

- role of background state, Indian Ocean



